The search for general properties in network structure has been a central issue for food web studies in 2 recent years. One such property is the small-world topology that combines a high clustering and a small 3 distance between nodes of the network. This property may increase food web resilience but make them 4 more sensitive to the extinction of connected species. Food web theory has been developed principally 5 from freshwater and terrestrial ecosystems, largely omitting marine habitats. If theory needs to be 6 modified to accommodate observations from marine ecosystems, based on major differences in several 7 topological characteristics is still on debate. Here we investigated if the small-world topology is a 8 common structural pattern in marine food webs. We developed a novel, simple and statistically rigorous 9 method to examine the largest set of complex marine food webs to date. More than half of the analyzed 10 marine networks exhibited a similar or lower characteristic path length than the random expectation, 11 whereas 39% of the webs presented a significantly higher clustering than its random counterpart. Our 12 method proved that 5 out of 28 networks fulfilled both features of the small-world topology: short path 13 length and high clustering. This work represents the first rigorous analysis of the small-world topology 14 and its associated features in high-quality marine networks. We conclude that such topology is a 15 structural pattern that is not maximized in marine food webs; thus it is probably not an effective model 16 to study robustness, stability and feasibility of marine ecosystems. 17 
of new marine food web data, whether food web theory needs to be modified to accommodate 31 observations from marine ecosystems, based on major differences in several topological characteristics 32 (i.e. higher link density, connectance, mean chain length and omnivory), is still on debate (Link 2002). It 33 has been suggested that more evenly and highly resolved networks are required in order to decide 34 whether current patterns are artifacts or whether they reflect more significant similarities or differences 35 between marine and non-marine food webs (Dunne et al. 2004 , Vermaat et al. 2009 ). 36 In this regard, the presence of the small-world (SW) topology (Watts and Strogatz 1998) in 37 marine food webs is also an open question. This topology, inspired by the "six degrees of separation" 38 sociology experiment by Milgram (1967) , has emerged as a suitable framework to study the global 39 structure of food webs (Amaral et al. 2000) . Two network properties are typically analyzed in order to 40 gain insight into this pattern: the characteristic path length, a global property of the network that refers to 41 the average shortest distance between pairs of nodes; and the clustering coefficient, a local property of 42 the network defined by the average fraction of pairs of nodes connected to the same node that are also 43 connected to each other (Watts and Strogatz 1998) . These features are usually compared to its random 44 counterpart web (equal size and link density or connectance), with the aim of investigating how much 45 does the empirical food web deviate from the random one (Watts 1999). A SW network needs to display 46 a high clustering coefficient and a short characteristic path length, compared to a random graph. The 47 latter property gives the name "small-world" to these networks, because it is possible to connect any two 48 vertices in the network through just a few links (Amaral et al. 2000) . 49 Furthermore, SW networks may display three of the following scale patterns: scale-free, broad-50 scale or single-scale (Amaral et al. 2000 ). The first one describes a network with very few nodes highly 51 connected and most nodes poorly connected, following a power-law degree distribution ( 67 Why is it important to explore the SW topology in marine food webs? There is no doubt that 68 network topology can have important implications for network function (Strogatz 2001 ). More detailed 69 knowledge on food web topology in marine ecosystems will help to understand the dynamics of 70 complex systems, historically subject to intense fisheries pressure and subsequent regime shifts and issue, as they are highly connected species, energy-channel couplers and ubiquitously affected by 82 antropogenic disturbances (Rooney et al. 2008) . Therefore, it is not certainly known neither if the SW 83 topology is a common pattern in marine food webs, nor if the most connected species in such networks 84 (e.g. species of commercial interest, top predators) should be protected to avoid structural and functional 85 impacts in ecosystems that cover more than 70% of the planet´s surface. 
92
In this work, our aim was to analyze the SW structural pattern in empirical marine food webs. 93 For this, we gathered a broad range of high-quality marine food webs, some of which have never been 94 examined using a topological network approach. We developed and implemented a simple and rigorous 95 method to determine whether food webs presented the SW topology. This method is rigorous because it Table 1 ). The list is by no means 110 exhaustive, but the high taxonomic resolution of the webs and the variety of regions that comprises 111 likely make this list the most representative and comprehensive picture of the topology in real-world 112 marine food webs. 113 We studied the cumulative degree distribution, or the fraction of trophic species P(k) that have k 114 or more trophic links, for each network (Albert and Barabási 2002) . The use of cumulative distributions 115 gives a more accurate picture of the shape of the distribution in small, noisy data sets (Dunne et al. In order to explore the SW phenomenon among these empirical marine food webs, we analyzed The rigurosity of our method lies in the use of confidence intervals (CI 99%) for the empirical-147 random comparison of the CPL and CC properties. If the empirical value for a particular food web was 148 positioned within or to the left (=lower than) the CI 99% of the random CPL, and to the right (=higher than) the CI 99% of the CC, then the food web was considered to present the SW topology. We also 150 calculated the ´small-world-ness´ S ws metric proposed by Humphries and Gurney (2008) for each studied 151 food web, and compared these results with our method. If S ws > 1 and S ws > S ws CI 99% (confidence 152 interval), then the food web was said to be a SW network. 153 The complete source code for generating the random networks and statistical analyses was done in R (R   154   Core Team 2017), and is available at GitHub 155 (https://github.com/lsaravia/MarineFoodWebsSmallWorld).
156

Results
157
The analysis of the topological properties associated with the SW pattern showed that the 158 characteristic path length (CPL) and the clustering coefficient (CC) among the studied marine food webs 159 varied from 1.20 to 3.41 and from 0.0026 to 0.66, respectively. Connectance range for these food webs 160 was 0.01 -0.27, considering networks comprising from 27 to 513 trophic species (Table 1) . 161 The cumulative degree distributions of the marine food webs fitted to a broad variety of models: (Table 1) . 166 More than half of the analyzed food webs (19/28) exhibited similar or lower CPL than expected 167 for random networks. Following the CPL empiric results, minimum and maximum 168 CPL Empirical /CPL Random ratios were exhibited by those food webs with the lowest and highest empiric 169 values (i.e. SW Pacific Ocean and Sanak nearshore, respectively). Only 39% of the webs presented 170 higher CC than its random counterpart. A small number of food webs showed both features: low CPL 171 and high CC, compared to random networks (Figure 1 ). 172 The comparison between the small-world-ness metric (S ws ) defined by Humphries and Gurney 173 (2008), and our method to determine SW topology in complex networks reflected differences. While the 174 first one registered that 11 out of 28 webs presented the SW topology, our method proved that only five 175 food webs exhibited such pattern. These five empiric networks displayed a similar or lower CPL and a 176 higher CC, compared to the confidence interval 99% of the random networks for each of the topological 177 properties ( Figure 1 ). Supplementary information S1 presents detailed results on the comparison 178 between these methods.
Following Watts (1999), we positioned each food web in the coordinate system x = CPL 180 empirical/random ratio, and y = CC empirical/random ratio ( Figure 2 ). Our method demonstrated that 181 the only well-resolved marine food webs that clearly present the SW topology are: Gulf of Lions, 182 Florida, Caribbean reef (l), Barents Sea Arctic and Weddell Sea (Figure 2b) 
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In conclusion, this study represents the first rigorous analysis of the SW topology and its 303 associated features in the largest set of complex marine food webs examined to date. It attempts to 304 resolve the 'small-world controversy' in food webs. The SW topology is a structural pattern that is not maximized in marine food webs; thus it is probably not an effective model to study the robustness, 306 stability and feasibility of marine ecosystems. 
